Abstract: Modulation of the surface plasmon wave vector in composite Gold/Cobalt/Gold multilayer films due to periodic magnetization switching in Cobalt is observed with a tilted slit-groove microinterferometer.
Magneto-optical effects are extensively used in nano-plasmonics both for the investigation of magnetooptical activity in composite nanostructures and sensing applications. The most widespread experimental geometry exploits phase-matched surface plasmon excitation in Kretschmann geometry for a thin metallic (or metallic composite) film on a dielectric prism. Due to phase-matched surface plasmon excitation very large field enhancements can be achieved which drastically enhance the measurement sensitivity, giving access to weak magneto-optical effects. However, in Kretchmann geometry it is difficult to determine whether the change of the magneto-optical signal is caused by modification of the surface plasmon wave vector or by absorption.
Here, we investigate the magneto-optical response in composite Gold/Cobalt/Gold multilayer films by means of surface plasmon interferometry. Our novel design of a plasmonic microinterferometer consists of a tilted slit-groove pair patterned by focused ion beam milling in a 200 nm thin multilayer metal film (Fig.  1) . The length of both slits and grooves is 50 µm. The slit has a width of 100 nm. Grooves are 100 nm deep and 200 nm wide. The slit-groove tilt angle was varied between 3 and 10 degrees, and the slit-groove distance varies between 0 to 50 microns. In contrast to parallel slit-groove arrangements, a small tilt angle between the slit and the groove favors interferometric measurements at a single wavelength. Illumination of the plasmon interferometer with a collimated p-polarized continuous-wave beam of a laser diode at normal incidence (100 mW @ 808 nm, beam diameter ~30 µm FWHM) results in the excitation of surface plasmons launched by the groove. The plasmons propagate towards the slit where they are reconverted into free-space radiation and interfere with light directly transmitted through the slit (Fig. 1(b) ). The resulting plasmonic interference pattern along the slit is shown in the upper panel of Fig. 1(c) . The spatial period of the intensity modulation is proportional to the slit-groove tilt angle. The key idea behind surface plasmon interferometry is to modify the optical properties of the medium between the slit and the groove. As a consequence, the contrast and phase shift of the plasmonic interference pattern observed at the slit position are modified. To do this, we apply a periodic external magnetic field with a few tens of mT and direction parallel to the slit axis to switch the magnetization in the Cobalt layer. We record the magneto-optical (MO) signal with a lock-in amplifier at every position along the slit (Fig. 1c). a2234_1.pdf CMJJ2.pdf The recorded MO signal has the same spatial period as the plasmonic interferogram itself. The pronounced phase shift φ (0<φ<π/2) between the intensity and MO-signal indicates that both surface plasmon wave vector and absorption change upon magnetization switching. Whereas a change in absorption would primarily modify the contrast of the plasmonic interference pattern (φ=0), the change of surface plasmon wave vector would shift the interference fringes (φ=π/2). Obviously, our technique can easily distinguish between these two contributions which are usually hidden in Kretchmann geometry. The lowest panel in Fig. 1(c) shows the MO-signal normalized to the contrast of the plasmonic interference pattern. As expected, the MO-signal is proportional to the slit-groove spacing which linearly increases along the slit due to the slit-groove tilt angle (dashed lines in Fig. 1(c) ). The above conclusions are supported by interferometric measurements in plasmonic microinterferometers with different slit-groove spacings and tilt angles.
In conculusion, we have demonstrated a new tool to analyze the influences of ferromagnetic switching in a metallic multilayer structure on the transport properties of surface plasmons. Changes in the dispersive and absorptive parts of the propagation constant are clearly distinguished. The analysis of our experimental data obtained for samples with different geometries reveal the dependence of the MO-signal depth of the Cobalt layer below a gold-air interface. This effect is compared with the results of theoretical calculations and physical implications for magneto-optics in composite multilayer films will be discussed.
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